Smoking is a potent but modifiable risk factor of cancer, chronic obstructive pulmonary disease (COPD) and cardiovascular diseases. It acts substantially via reactive species to initiate and promote pathology and is consistently associated with elevated oxidative damage to DNA, lipids and proteins.[@ref1][@ref2] It has been suggested that cigarette smoking done regularly more than 10 per day, constitute a major risk for coronary heart disease (CHD).[@ref3]

Cigarette smoke is a complex mixture of chemicals containing more than 4000 different constituents. Some of the compounds identified include pyridine alkaloids such as nicotine, ammonia, acrolein, phenols, acetaldehyde N-nitrosamine, polycyclic aromatic hydrocarbons such as benzopyrine, combustion gases such as carbon monoxide, nitrogen oxides, hydrogen cyanide, and trace metals, α-emitter radioactive elements such as polonium, radium and thorium.[@ref1]

Two major phases were identified in cigarette smoke: A tar phase and a gas phase. The tar phase or particulate phase is defined as the material that is trapped when the smoke stream is passed through the Cambridge glass -- fiber filter that retains 99.9% of all particulate materials with a size \>0.1 μm. The gas phase is the material that passes through the filter. The radicals associated with the tar phase are long lived (hours to months), whereas the radicals associated with gas phase have a shorter life span (seconds). It was estimated that a single cigarette puff contains approximately 10[@ref14] free radicals in tar phase and 10[@ref15] radicals in the gas phase, which are capable of causing an in-crease in the generation of various reactive oxygen species (ROS) like superoxide (O¯2), hydrogen peroxide (H~2~O~2~), hydroxyl (OH•) and peroxide (ROO•) radicals. These reactive oxygen species in turn are capable of initiating and promoting oxidative damage in the form of lipid peroxidation.[@ref1][@ref4]

Lipid peroxidation may increase endothelial permeability, resulting in haemoconcentration and elevated hematocrit, triglycerides and consequently, may increase blood viscosity, possibly through oxidative damage to erythrocytes. Lipid peroxidation may promote acute-phase reactions by increasing endothelial/monocyte interactions and release of cytokines such as IL-6, which are key mediators of inflammatory reactions including elevation of white cell count, fibrinogen and C - reactive protein.[@ref5]

Cigarette smokers have an increased risk of cardiovascular diseases (CVD), possibly mediated by elevated levels of oxidized macromolecules owing to heightened ROS production. Smokers are exposed to significant quantities of ROS in both gas and tar phase. Further ROS production mediated through inflammatory processes may exacerbate those produced through direct exposure.[@ref6] Blood of cigarette smokers routinely displays decreased antioxidant capacity and increased oxidized lipids compared to non-smokers.[@ref6]

Vitamin C is a potent water soluble antioxidant because, by donating its electrons, it prevents other compounds from being oxidized. The species formed after the loss of one electron is a free radical, semidehydroascorbic acid or ascorbonyl radical, a reactive and possibly harmful free radical. Many studies have demonstrated low plasma concentration of vitamin C in smokers and acute myocardial infarction (AMI) patients.[@ref1][@ref6][@ref7]

Many studies have been done to compare the level of lipid peroxidation and antioxidants among smokers and non-smokers, and the non-smokers and smokers with myocardial infarction.[@ref5][@ref6][@ref8]--[@ref12] None of the studies which we have reviewed, have compared chronic smokers without myocardial infarction and chronic smokers with myocardial infarction. Therefore, the focus of this study was to find any other component that could have a role to play in lipid peroxidation and antioxidants among chronic smokers. In this context, the present study was undertaken to compare the serum levels of lipid peroxidation product malondialdehyde (MDA) and antioxidant vitamin C in non-smokers (Group A), apparently healthy chronic smokers (Group B) and chronic smokers with acute myocardial infarction (Group C).

Methods {#sec1-1}
=======

The present study was conducted in Hanagal Shri Kumareshwara (HSK) hospital, Bagalkot. The study was approved by S.Nijalingappa Medical College ethical committee (Ref No: SNMC/09-10/602). Informed consent was obtained from all the subjects. The study was conducted from Jun 2009 to December 2010. Thirty six controls who were apparently healthy non-smokers were included after appropriate matching (for age and sex) and 36 apparently healthy chronic smokers were selected.[@ref3][@ref13]--[@ref15] Thirty six chronic smokers with diagnosed acute myocardial infarction were selected from HSK hospital. All of them were male subjects. Both chronic smokers and chronic smokers with myocardial infarction, who smoked more than 10 cigarettes per day for more than 10 years, were selected.

Those excluded from the study were persons abusing alcohol, ex-smokers, patients with diabetes mellitus, hypertension, renal diseases, hepatic impairment, endocrine disorders, obese individuals and patients on drugs like multivitamins.

Each subject was interviewed and information about demographic details and smoking was obtained. The demographic details included age, sex, body weight, and body mass index (BMI). Both systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded. Smoking habit included smoking period and number of cigarettes smoked daily.

Fasting venous blood sample was collected in all subjects and care was taken to ensure that in AMI patients, blood sample was collected before thrombolysis. Serum was separated and analyzed for the following parameters: MDA was measured by thiobarbituric acid reactive substances assay (TBRAS) method[@ref16] and ascorbic acid (Vitamin C) measured by dinitrophenyl hydrazine (DNPH) method.[@ref17] The optical densities of MDA and ascorbic acid were measured at 532 nm and 520nm, respectively, using spectrophotometer. Statistical analysis was done by 't' test using SPSS version 11. The p\< 0.05 was considered statistically significant. All the results were expressed as mean ± SD.

Results {#sec1-2}
=======

The demographic characteristics of all subjects are shown in [Table 1](#T1){ref-type="table"}. All of them were male. There was no significant difference in mean age, body weight and BMI among three Groups. Group B and Group C subjects were hypertensive, and smoked 13 or more cigarettes per day for 12 or more years ([Table 1](#T1){ref-type="table"}).

###### 

Demographic characters of Non-smokers, Chronic Smokers and Chronic Smokers with Acute Myocardial Infarction (AMI).
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[Table 2](#T2){ref-type="table"} shows the serum levels of MDA and vitamin C in non-smokers (Group A) and chronic smokers (Group B). The MDA of Group A was 236 ± 3.50 nmol/l and in Group B was 430 ± 8.90 nmol/l. The mean vitamin C in Group A was 1.22 ± 0.20 mg/dl and that of Group B was 0.97 ± 0.19 mg/dl. MDA was significantly higher (p\<0.0001) in Group B compared to Group A. Vitamin C level was significantly lower (p\<0.01) in Group B than in Group A.

###### 

Serum levels of MDA and Vitamin C in Non-smokers and chronic Smokers.
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[Table 3](#T3){ref-type="table"} shows the serum levels of MDA and vitamin C in chronic smokers (Group B) and chronic smokers with MI (Group C). The MDA of Group B was 430 ± 8.90 nmol/l and in Group C was 525 ± 15.93 nmol/l. The mean vitamin C in Group B was 0.97 ± 0.19 mg/dl and that of Group C was 0.62 ± 0.21mg/dl. MDA was significantly higher (p\<0.0001) in Group C compared to Group B. Vitamin C level was significantly lower (p\<0.001) in Group C than in Group B.

###### 

Serum levels of MDA and Vitamin C in chronic Smokers and Smokers with Acute Myocardial Infarction (AMI)
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Discussion {#sec1-3}
==========

The present study showed that there was a significant elevation of serum MDA (p\<0.0001) and significant decrease in serum ascorbic acid levels (p\<0.01) in chronic smokers compared to non-smokers.

Cigarette smoking leads to the uptake of many hazardous compounds or their metabolites which may be electrophilic and thereby, able to react with biological macromolecules, or they may give rise to oxidative stress by formation of reactive oxygen species (ROS) which are capable of initiating the self perpetuating chain reactions of lipid peroxidation in the membranes.[@ref18]

The serum triglycerides and smaller denser LDL particles are substrates and are more susceptible to peroxidation.[@ref5] Many studies have shown that, in smokers, nicotine causes significant increase in the levels of serum cholesterol, triglycerides and LDL-C, but HDL-C is lowered in smokers than in non-smokers.[@ref3][@ref10][@ref12] Hence, there is an increased level of lipid peroxidation product of MDA in chronic smokers compared to the non-smokers.

Smoking of 10 cigarettes daily on an average, for 6-8 years was associated with enhanced lymphocyte DNA strand breaks as well as greater urinary excretion of 8- OHdG and MDA compared with non-smokers. Further-more, smoking was co-related with lower activities of principal antioxidants in the plasma.[@ref2]

Epidemiologic studies showed that cigarette smokers consume fewer fruits, vegetables and vitamin supplementation than do nonsmokers and this leads to low serum P/S ratio (polyunsaturated fatty acids/saturated fatty acids),[@ref19] which in turn results in a status of increased oxidative stress and decreased antioxidant capacity,[@ref9] as observed in the present study.

It has been difficult to determine whether differences in the plasma antioxidants between smokers and non-smokers are actually due to the effect of cigarette smoke exposure or due to differences in dietary antioxidant intakes or in other covariates (e.g., BMI).[@ref5][@ref19]

In this study, we have also compared chronic smokers and chronic smokers with acute myocardial infarction. The serum MDA was significantly higher (p\<0.0001) and serum ascorbic acid was significantly lower (p\<0.001) in chronic smokers with AMI than in chronic smokers, even when both groups were matched for age, body weight, BMI and smoking habits. Although cigarette smoking is a well established risk factor for vascular diseases, the genetic mechanisms that link cigarette smoking to an increased incidence of cardiovascular diseases are not well understood.

Cigarette smoking depending on the number of years spent in smoking (pack year history of 3±4), may independently promote negative changes like lower antioxidant capacity and greater degree of lipid peroxidation, despite having similar dietary intake.[@ref6] While dietary intake, as well as other genetic and environmental factors, which were not determined in this investigation, may contribute to these results, it appears that smoking plays a major role in promoting these changes.

Several environmental factors are documented to influence redox metabolism, but relatively little is known about genetic effects. TAS, an indicator of redox homeostasis, is under strong genetic control, especially in smokers and this could lead to the difference in MDA and vitamin C levels in chronic smokers with MI than in chronic smokers without ML.[@ref20]

The inter-subject variability in the atherosclerotic process in smokers may be partially mediated by genetic variants. Either CYP1A1 MSP polymorphism or certain endothelial NO synthase intorn 4 polymorphisms increased the susceptibility to cigarette smoke exposure --related atherosclerotic diseases including multi-vessel CHD and MI.[@ref4]

C alleles, proinflammatory cytokines, CD14 and IL-6 polymorphism were associated with higher risk of carotid plaque formation and were found to act synergistic ally with other inflammatory single nucleotide polymorphisms (SNPs) to increase carotid intima media thickness (IMT), specifically among the smokers. Cigarette smoking may modulate stroke risk through a gene-environment interaction.[@ref21]

However, at present, the importance of these genetic variants is unknown, as their prevalence in the entire population of cigarette smokers has not been documented.[@ref4]

The limitations of the present study were as follows:

The sample size was small.MDA is more accurate when it is applied for larger population during epidemiological sur-veys.Diet history was not taken in depth.Extent of smoking, i.e., amount of smoke exposed to lungs was not documented which is very difficult to measure.All the subjects were male.

In conclusion, the present findings indicated that cigarette smokers had higher lipid peroxidation levels and lower antioxidant capacity compared to non-smokers. Inter-subject variability of both elevated serum MDA and reduced serum vitamin C levels in chronic smokers with AMI may be influenced by gene-environmental factors.

However, further study and long period follow up is needed to find whether Group B subjects end up with myocardial infarction in due course, to ascertain the gene-environment interaction in Group A and Group B subjects and to answer why all chronic smokers (13 or more cigarettes per day for a period of 12 or more years) do not experience myocardial infarction.
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